tance for the invasive potential of the species are unknown. We developed and characterized 15 polymorphic markers, which allow for the genetic characterization and further study of this poorly investigated species. Population characterization and estimation of gene flow between populations and an understanding the frequency of these two modes of reproduction will help in designing effective interventions against invasion of this species.
METHODS AND RESULTS

Microsatellite development
Total genomic DNA of 24 individuals (four individuals per population originating from six populations [Appendix 1]) was extracted from dehydrated leaves using a modified cetyltrimethylammonium bromide (CTAB) method (Lodhi et al., 1994) . Concentrations were preserved as described in the protocol, but the total volume of the solutions was reduced 10-fold. The sequencing facility GenoScreen (Lille, France) was used to prepare libraries and design primers. Extracted DNA was pooled for microsatellite library preparation. The fragmented DNA was hybridized with eight probes (TG, TC, AAC, AAG, AGG, ACG, ACAT, and ACTC) to enrich the DNA library. The sequencing was performed by a GS FLX sequencer (454 Life Sciences, a Roche Company, Branford, Connecticut, USA). A total of 55,720 reads were obtained and archived in the GenBank Sequence Read Archive (SRR 5822129). QDD software (Meglécz et al., 2010) loci and for design of the microsatellite primers. A total of 3089 reads contained microsatellite motifs, and 319 candidate microsatellite loci were identified (Appendix S1) with an average sequence length of 325 bp. Markers belonged to di-, tri-, tetra-, penta-, and hexanucleotide repeats (38.28%, 56.3%, 3.5%, 1.28%, and 0.64%, respectively). Across all candidate loci, 2608 primer pairs (3-15 primer pairs per locus) were designed using the Primer3 algorithm implemented within QDD (Malausa et al., 2011) , with amplicon lengths ranging between 90 and 320 bp. For each microsatellite candidate locus, one primer pair was selected for further analysis. Of these, we tested 201 primer pairs (Appendix S1) recommended by GenoScreen to identify polymorphic markers. Primers were synthesized (Sigma-Aldrich, St. Louis, Missouri, USA) with M13 tails preceding the 5′ end of the forward primer sequences (Schuelke, 2000) . Four individuals from each of six populations of R. alpinus (Appendix 1) were used to test amplification efficiency and polymorphism. DNA amplification was performed in 5-μL reactions consisting of 2.5 μL of QIAGEN Multiplex PCR Master Mix, three types of oligonucleotides (0.125 μL of M13-tagged forward primer, 0.125 μL of species-specific reverse primer, and 0.125 μL of fluorolabeled [5′-FAM] M13 primer [10 μM each in initial volume]), 10 ng of DNA dissolved in 0.5 μL TE buffer, and 1.625 μL of H 2 O.
The following PCR protocol (Schuelke, 2000) was performed using an Eppendorf Mastercycler Pro S Thermal Cycler (Eppendorf, Hamburg, Germany): an initial denaturation step at 95°C for 15 min; followed by 25 cycles of denaturation (95°C for 20 s), annealing (59°C for 30 s), and extension (72°C for 20 s); followed by 10 cycles of denaturation (95°C for 30 s), annealing (53°C for 45 s), and extension (72°C for 45 s); and a final extension at 72°C for 15 min. During the first 25 cycles specific PCR products are produced, and in the following 10 cycles the fluorescent M13 tag is ligated to the M13 forward primer. A total of 189 primer pairs (94%) were successfully amplified. The majority (74.1%) of loci were monomorphic, and only 49 primer pairs (25.9%) were selected for detailed variability screening on five individuals of R. alpinus and five individuals from each of five closely related species (R. aquaticus L., R. crispus L., R. obtusifolius L., R. sanguineus L., R. stenophyllus Ledeb.). A total of 30 individuals were screened. Based on the variability screening, we chose 15 polymorphic primer pairs for R. alpinus species. Most of these were also polymorphic for the closely related species used in the study. GenBank accession numbers for these loci are provided in Table 1 .
Genotyping
Total DNA was extracted from 72 R. alpinus individuals from six populations and from 46 individuals from five closely related taxa (Appendix 1) for initial primer screening. Primer sequences, repeat motifs, and PCR product size ranges are given in Table 1 . PCR reactions were performed as described above. Each PCR product (1 μL) was mixed with 11 μL of a 120 : 1 solution of formamide : size standard (GeneScan 500 LIZ; Thermo Fisher Scientific, Waltham, Massachusetts, USA). Fragment lengths were determined by capillary gel electrophoresis with an ABI 3130 Genetic Analyzer using GeneMapper 4.0 (Thermo Fisher Scientific). Using GenAlEx 6.5 (Peakall and Smouse, 2012) , we calculated observed heterozygosity, expected heterozygosity, and number of alleles. Number of alleles ranged from one to four and observed and expected heterozygosities ranged from 0.06 to 1.0 and from 0.18 to 0.72, respectively. GENEPOP 4.2 (Rousset, 2008) was used to calculate deviations from Hardy-Weinberg equilibrium and linkage disequilibrium. Significant linkage disequilibrium was found within four populations following Bonferroni correction (Crozet population: loci 94/198 and 165/173; Katschberg population: loci 198/94, 193/94, 198/32, and 94/32; Heiligenblut population: loci 199/32, 193/32, and 198/94; Ferleiten population: 198/94 and 200/92 ). Significant deviation from Hardy-Weinberg equilibrium was found mainly in the Crozet and Katschberg populations (Table 2) , which indicates strong clonality. This indication is also supported for the Crozet population by lower observed heterozygosity than expected for each locus of this population (Table 2) . We also tested cross-amplification of these loci in five other Rumex taxa: R. aquaticus, R. crispus, R. obtusifolius, R. sanguineus, and R. stenophyllus. Tests for cross-amplification and polymorphism in the five congeneric taxa resulted in successful genotyping of up to 14 of the 15 loci (Table 3 ). These results demonstrate that these primer pairs may be of broad utility throughout the genus Rumex.
CONCLUSIONS
We developed and successfully amplified 15 polymorphic markers in several Rumex taxa, including R. alpinus, R. aquaticus, R. crispus, R. obtusifolius, R. sanguineus, and R. stenophyllus. These polymorphic loci will be valuable for the future study of R. alpinus population genetic composition and its influence on the invasiveness of the species.
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